Patients and Methods
Between February 2001 and June 2010, 89 patients underwent bilateral same-session URS for different reasons, such as bilateral ureteral stones, determining the etiology of bilateral hydronephrosis, atypical urine cytology in recurrent microscopic hematuria or ureteral strictures. Bilateral URS with pneumatic lithotripsy (PL) was performed for 62 of these patients with bilateral stones. Of these patients, 7 patients who had previously been stented or had nephrostomy tubes were excluded from the study to better evaluate the passing of the ureterorenoscope and postoperative stone passage. Routine blood and urine tests were performed preoperatively. To localize the stone and assess renal function, excretory urography was performed. Noncontrast computerized tomography (NCCT) was performed for patients with serum creatinine levels greater than 1.6 mg/dl who were suspected as having nonopaque stones and had a history of allergic reaction to intravenous contrast medium. Stone size was assessed by measuring its maximal diameter on IVP or NCCT. 61 (55.5%), 28 (25.4%) and 21 (19.1%) stones were located in the lower, middle and upper ureter, respectively. 73 (66.4%) stones were less than or equal to 10 mm in diameter, and 37 (33.6%) stones were larger than 10 mm. PL was performed with 8-Fr or 10-Fr semirigid ureterorenoscopes under general or regional anesthesia. The orifice was dilated with olive-tipped bougie dilators when needed (not routine). Large fragments were removed with forceps, while small fragments were left for spontaneous passage. At the end of the procedure, a 5-Fr ureteral catheter was placed and removed either 24 h after the operation in noncomplicated procedures or 48-72 h after the operation in complicated cases. A double-J stent was inserted to address residual fragments or for stones that migrated to the kidney. The decision to remove the double-J stent was made by the surgeon after radiologic examination. Follow-up studies included a kidney ureter bladder (KUB) film obtained with an ultrasound within 24 h postoperatively and 6 weeks after the operation.
Intravenous urography was performed in cases with pelvicalyceal dilatation. Stone-free status was defined as the absence of any residual stones on a KUB film after 6 weeks. If residual stones were present, a second session of URS was performed. Intraoperative and postoperative complications associated with singlesession bilateral URS were recorded and reported according to the modified Clavien grading system [6] .
The SPSS 11.0 statistical program was used for the statistical analyses. The means and the standard deviations of the stone sizes were calculated for successful and unsuccessful groups. The Mann-Whitney U test was used to compare the stone sizes of the 2 groups. The clearance rates were compared based on the different localization using Fisher's exact test. Values of p ! 0.05 were accepted as statistically significant.
Results
The patients' characteristics are shown in table 1 . There were 37 (67.3%) male and 18 (32.7%) female patients with a mean age of 46.1 8 13.9 years stone sizes ( table 4 ) , the procedures for stones that were 10 mm or smaller were significantly more successful than procedures performed for stones larger than 10 mm (95.9 vs. 78.4%, respectively, OR 6.4, 95% CI 1.5-25.9, p = 0.006). Bilateral ureteral catheters were placed postoperatively after PL in 92 units, and bilateral double-J stents were placed in 4 units. The double-J stents were removed between 2 and 6 weeks after the operation. A second session of URS was performed for 5 stones after an unsuccessful URS. Three stones were sent to shock wave lithotripsy (SWL). Percutaneous nephrolithotripsy was performed for three migrated stones with concomitantly treated renal stones. To determine whether the stone had migrated or was a concomitant renal stone, the preoperative and the postoperative KUB images were compared. Those stones with the same location or configuration on both films were regarded as concomitant stones, while those stones that appeared as a new opacification on the postoperative KUB film were regarded as migrated stones. After the secondary procedure, all patients were free of stones.
Postoperative complications were mainly minor, consisting of postoperative fever in 5 (9.1%) patients, urinary tract infections (UTIs) in 3 (5.4%) patients, urosepsis in 1 (1.8%) patient, small mucosal laceration without leak in 4 (7.3%) patients, hematuria in 3 (5.4%) patients and stone migration in 4 (7.3%) ureters; these complications were categorized as grade I, II, IIIa and IVb in 5, 3, 7 and 1 patient, respectively, based on the modified Clavien classification of surgical complications. Urinary tract infection was treated with culturespecific antibiotics and antipyretics. One patient with urosepsis was hospitalized and treated with intravenous antibiotics, analgesics and fluid support. For hematuria, conservative management with forced diuresis and increased fluid intake was effective. Four migrated stones were treated by double-J stent insertion and further with SWL. There were no major or long-term complications such as ureteral perforation and stricture. Hospitalization time ranged from 1 to 5 days with an average of 2.4 8 0.9 days.
Discussion
Accomplishing stone-free status increases the time to stone recurrence and the risk of subsequent symptomatic stone episodes [7] . Many factors affect the success rates of stone treatment, including stone size, composition, location and different anatomical parameters [8] . Bilateral ureteral stones are an important risk factor even for an experienced endourologist. These stones can cause obstructive uropathy and subsequent deterioration of renal function, which requires immediate surgical intervention. It is very important to decompress the obstructed urinary tract either with a surgical intervention or a transient urinary diversion, such as percutaneous nephrostomy.
Ureterorenoscopic lithotripsy is our first-line approach for bilateral ureteral stones in any location. In our previous study with bilateral stones, the stones were successfully fragmented in 88.1% of patients after a single procedure and 93.1% of patients after the second session [9] . When active ureteral stone treatment is warranted, the best procedure to choose depends on several factors, including stone location and size, surgeon experience, patient preference, available equipment and cost effectiveness [10] . Although SWL is a reasonable firstline option for patients who are willing to accept a longer time to be stone-free or are unwilling to stay in the hospital to undergo general anesthesia, this technique is associated with high retreatment rates [11] . Some stones are difficult to fragment by SWL, and the fragments may remain in the urinary tract even after successful fragmentation of the stone [12] . SWL is efficacious for upper ureteral calculi with a diameter of less than 10 mm [13] . The overall stone-free rate is more than 80% when using SWL to treat proximal ureteral stones [14] . However, SWL has a low success rate for large stones. In two studies comparing SWL and URS lithotripsy for the management of large upper ureteral stones, the success rates were 61% and 63.6%, respectively [4, 15] . In a recent study, the safety and efficacy of URS was greater than SWL in the treatment of proximal ureteral stones ! 20 mm with a low retreatment rate [16] . In another report, semirigid URS using PL for the treatment of stones 1 30 mm was safe and highly efficacious, particularly in the distal ureter [17] . SWL is less successful for distal stones in the emergency setting [18] . In a previous study in which we discussed the effects of the ureteric location of the stones on the success rates, we showed that stones in different locations, including the proximal ureter, can be successfully treated with URS [19] . In the current study, the overall stone-free rate for bilateral stones was 90% after the first attempt and 94.5% after the second session of URS.
To assess postoperative stone clearance, KUB film was used in our series. KUB film has a limited sensitivity for the detection of urolithiasis, but the specificity is acceptable [20] . KUB film could be used for follow-up in 63% of cases [21] . All stones observed on NCCT were also visible on the KUB film, which has been the preferred modality for follow-up imaging if the stone was visible on the initial film. KUB film is considerably cheaper and quicker and exposes the patient to less radiation [22] . A routine KUB film obtained shortly after the operation to evaluate residual stones has become the standard management protocol in most clinics.
Another successful technique for the treatment of ureteral stones is flexible ureterorenoscopic (FURS) lithotripsy. A Ho:YAG laser can effectively fragment any stone regardless of composition or size and can reach the entire urinary tract because it can be deployed on rigid and flexible ureterorenoscopes [23] . Compared to other intracorporeal lithotripters, the holmium laser yields the smallest fragment size, with many fragments smaller than 1 mm [24] . The procedure results in minimal ureteral trauma and postoperative edema, and the smaller remaining fragments are likely to pass spontaneously [23] . Holmium laser lithotripsy using both semirigid and FURS lithotripsy is perhaps the standard of care over PL. In addition, in the case of stone migration, FURS can be used for further treatment. Unfortunately, the flexible device was not available in our hospital during the time period studied. Beginning 14 months ago, we have been successfully using FURS and semirigid URS together with a Ho:YAG laser. An important point that should not be overlooked in the selection of PL is that pneumatic energy is stronger and cheaper than the holmium laser [12] . Comparing these two techniques will be the subject of a future study in our clinic.
Another alternative approach in the management of these stones is to relieve the obstruction by the insertion of a nephrostomy tube or double-J stent and fragment the stone later by SWL. Insertion of a nephrostomy tube under local anesthesia is a better choice if there is evidence of sepsis at presentation [10] . However, this technique has some disadvantages, such as urine leakage, displacement of the nephrostomy tube and stoma maintenance. We inserted bilateral nephrostomy tubes into 3 patients with bilateral obstruction and 1 patient with urosepsis. Insertion of a double-J stent is another option. However, apart from complications such as ureteral perforation and failure to pass the stent, this stent may increase the risk of the urosepsis. The stent may cause edema of the ureteral wall, which may negatively affect the passage of fragments and successful fragmentation by reducing the shock-wave energy. The main advantage of URS is immediate decompression of the obstruction. Our hospitalization time ranges from 1 to 5 days. One patient with urosepsis was hospitalized postoperatively for a longer time than the others.
Bilateral URS has potential risks, which have been documented in many studies. Hollenbeck et al. [25] reported that bilateral URS carries an increased risk of postoperative morbidity in their series of 34 patients with bilateral ureteral calculi. They concluded that the risk is proportional to the number of renal units treated. Deliveliotis et al. [26] reported that one session of bilateral URS can be performed safely with a stone-free rate of 83.3%. Camilleri et al. [5] found an 81% success rate, which was directly related to stone burden and location. Our study shows that URS displays a high success rate in lower ureteral stones (96.7%). Patients with upper ureteral stones had the lowest stone-free rate (71.4%). Patients with calculi larger than 10 mm (78.4%) also showed low success rates. This procedure has well-known complications. Ureterorenoscopic interventions can cause major or minor complications such as ureteral perforation, access problem, stone migration, urosepsis and ureteral stricture [27] . Watson et al. [28] reported a 9.7% complication rate with bilateral URS for different etiologies in their series of 95 patients. Harmon et al. [29] observed a decrease in the complication rate from 20% to 12% during a 10-year period. The decrease was attributed to the use of small caliber ureterorenoscopes and increased surgeon experience. In the current study, the complications were minor and were treated by conservative methods or temporary drainage with stents. No major complications were observed. Our complication rate of 12.9% is comparable with other studies that reported bilateral single-session URS for bilateral stones [5, 25, 26] . To achieve successful results with low complication rates, good visibility and careful advancement of the ureterorenoscope in the ureter are necessary. When we examine the complications, stone migration seems to be the major cause of the unsuccessful cases. There are various devices and modifications, including Lithocatch, Lithovac, Passport Balloon and the Dretler cone, to avoid stone migration. Currently, we have not used any of the techniques above. We are now performing the procedure with low fluid pressure and the aid of a ureteral basket.
Conclusions
Bilateral single-session URS with PL is a highly effective treatment modality for bilateral ureteral stones. The success rate of PL is affected by the stone size and location. Considering the high stone-free rates, PL can be recommended as the first-line treatment for bilateral ureteral stones in all locations.
